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Abstract

Ochratoxin A (OTA), a known nephrotoxin is produced by Aspergillus and Penicillium spp
contaminating crops. As there are numerous factors known to influence the OTA production, the present
study was undertaken to explore a suitable substrate for the production of OTA under laboratory. Spores
from the working culture of Aspergillus ochraceus MTCC No0.1810 were inoculated into selected
substrates like polished rice, maize, pearl millet and de-oiled cakes like groundnut oil cake and deoiled
sunflower meal and toxin was estimated after seven days. The results revealed noticeable levels of OTA
in deoiled sunflower meal and pearl millet. Thus deoiled sunflower meal was selected for the second
phase, owing to its usage in poultry feeds at a level of 10 - 15 percent as a source of protein and subjected
to toxin production for a period of 28 days. The toxin was detected at weekly intervals. The results
revealed 8, 17, 25 to 58 ppb on 7, 14, 21 and 28 days respectively with the highest level detected on 28
day at a temperature of 28 °C — 32 °C. Thus deoiled sunflower meal would be a better substrate than
other cereals and oil cake to stimulate OTA production among the substrates tested.
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1. Introduction
Mycotoxins are produced by various filamentous fungal species including three predominant
genera Aspergillus, Penicillium and Fusarium that can contaminate the crops in the field.
These fungal species producing toxin grow well at an optimum temperature between 10 °C
and 40 °C, and at a pH range of 4-8, and at water activity levels above 0.70. However, their
growth was also visible on a very dry surface (Lacey, 1991) 151, When there was a favourable
environmental condition, they were found to thrive well on any solid or liquid support. But the
growth condition was found to vary for each fungal species when compared with the field and
the post-harvest stages (Bhat et al., 2010) Bl. The quantum and the toxigenic nature of
mycotoxins produced from the fungi are highly influenced by the type of substrate, moisture
content, available nutrition, temperature, humidity in the surrounding environment, maturity of
the fungal colony, co-occurrence of other fungi, competition from other microorganisms, stress
factors, physical damage of the substrate due to insect infestation and other associated factors
(Coulumbe and Coulumbe, 1993, Hendry and Cole, 1993, Viquez et al., 1994, Rao, 2001) [ 11
3121 The toxins that are commonly produced by these fungi include aflatoxin, ochratoxin,
fumonisin, trichothecenes and zearalenone.
Ochratoxin A produced by Aspergillus and Penicillium spp appear during storage of fresh
produce and occasionally in the field crops. The toxigenic nature of OTA has been classified
by the IARC as a Class 2B carcinogen (Leszkowicz and Manderville, 2007) 1 as it causes
nephrotoxicity, teratogenicity and immunotoxicity, and associated tumor manifestations in
human. The primary organs of toxicity of OTA are kidney followed by liver and it was found
to produces acute toxicity (Lindblad et al., 2004) ('8, The severity of the toxic symptoms is
primarily noticed at a higher level in mammals and poultry and the symptoms include loss of
appetite, weight loss, decrease in production leading to disease condition such as toxic
hepatitis, haemorrhage, oedema, immunosuppression, carcinoma of the liver, esophageal
cancer and kidney failure (Donmez-Altunta et al., 2003) [, Even with effective culture of
Aspergillus ochraceus, the production of toxin in sufficient quantities for the experimental
studies under laboratory conditions has been challenging. Choices of substrates for growing
the fungi and producing OTA needs to be explored for harvesting adequate amount of OTA for
conducting toxicological studies in poultry. Suitable substrates with necessary nutrients for the
growth of fungus are very essential for the production and accumulation of OTA by A.

~ 4056 ~


www.thepharmajournal.com

The Pharma Innovation Journal

ochraceus (Angel et al., 2004) ™,

Hence, it was very essential to identify a suitable substrate for
the production of OTA under laboratory conditions and
demands much toxicological and mycological research over
other mycotoxins for finding out solutions to the problem
(Jand et al., 2005) [% that has really threatened by creating
greater economic impact with reduction in productivity in
livestock and poultry. Also, when more information was
known about the ideal conditions and substrates promoting
the growth of the fungus and toxin production, suitable
preventive measures can be adopted. Hence with this
objective in mind the present study was undertaken to find out
the suitable substrate for the production of OTA and also to
determine the effect of incubation time on the production of
the toxin under laboratory.

2. Materials and Methods

2.1 Culture and Inoculum

OTA was produced using the pure culture of Aspergillus
ochraceus MTCC No0.1810. The reference culture was sub
cultured in potato dextrose agar slant for 24 hours at 28 °C to
obtain the working culture. The slants with potato dextrose
agar were then inoculated with spores from the working
culture and it was allowed for incubation for 7 days at 28 °C
for spore development and subsequent substrate inoculation
when required. By seven days, the culture developed a heavy
crop of white conidia. The spores were then scraped loose
with a loop and the slant was shaken with the spores
aseptically to produce a uniform suspension of spores, and the
spore suspension (0.5mL) was then used to inoculate each 50g
of substrate.

2.2 Substrate Processing

Three cereals polished rice, maize and pearl millet and two oil
extracted cakes groundnut oil cake and deoiled sunflower
meal were selected as the substrate for the production of OTA
as per the method of production of aflatoxin B1 with slight
modifications (Shotwell et al., 1966) 221,

2.3 Culture

Culture was done in 300 mL Erlenmeyer flasks each
containing 50g of polished rice, maize, pearl millet,
groundnut oil cake and deoiled sunflower meal separately. 25
mL of tap water was added to the substrate in the Erlenmeyer
flasks and the mixture was kept for incubation for two hours
at the room temperature of 28 °C to 32 °C with frequent
shaking. The flasks were then autoclaved at 15 psi for 15
minutes and allowed to cool. Sterile water was added at 24
and 48 hours, just enough not to cause any substrate particle
to adhere to one another. The entire experiment was carried
out during the month of February and March with an average
room temperature of 28 °C — 32 °C. The flasks were shaken
vigorously every two hours to loosen the material. It was
extremely important to maintain the substrate free of any
compact mass as the mold growth may bind the kernels
together.

At 48 hours after inoculation, the substrate showed small
white areas which indicated the growth of the mold. Shortly
afterwards, the substrate turned to a pale white colour (Figure
1). After the end of the 7™ day, the toxin was estimated.

The substrate in which the maximum toxin was detected at the
end of seven days of incubation was selected and the selected
substrate was subsequently used for the production of toxin
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for a period of 28 days and the quantity of toxin was
determined intermittently at weekly intervals.

2.4 Toxin estimation

OTA estimation was done as per the method of AOAC (1995)
21 py following the procedure of estimation of multi-
mycotoxins using Thin Layer Chromatography at Animal
Feed Analytical and Quality Assurance Laboratory,
Veterinary College and Research Institute, Namakkal.

The toxin was extracted with acetonitrile, potassium chloride
and hydrochloric acid, filtered and defatted with hexane,
twice. The fat free extract was further extracted with
chloroform, dried, rediluted in high purity chloroform and
spotted on a precoated aluminium sheet of 0.25mm thickness
(Merck, Germany) along with standards and allowed to air
dry.

2.5 Preparation of OTA standard

OTA standard (procured from M/s. Sigma Aldrich) was
prepared carefully in a suitable standard flask with benzene:
acetic acid (99+1) mixture to give a concentration of
10pg/mL. From this stock solution, OTA solution was
prepared in benzene: acetic acid to the concentration of
4pg/mL and was used as the working standard.

2.5.1 Spotting and Developing

After spotting the test sample and standards of different
concentration, it was allowed for developing in an unsaturated
first developing tank containing chloroform: acetone: in the
ratio 88:12. For a total volume of 10 mL. When three fourth
of the plate was found to be developed, the plate was carefully
removed from the tank, dried well and placed perpendicular to
the first step in the second developing tank containing
toluene: ethylacetate: formic acid in the ratio of 50:40:10 for a
total volume of 10 mL. When three fourth of the plate was
found to be developed, the plate was carefully removed from
the tank, dried well and viewed in a UV cabinet viewer using
long wavelength (364 nm).

2.5.2 Calculation

SxCxD
TxE

Ochratoxin content in pg'kg = X 1000

S = Standard which was compared with the sample based on
fluorescent intensity.

C = Concentration of the standard.

D = Dilution factor.

T = Sample which was compared with the standard based on
fluorescent intensity.

E = Effective weight.

3. Results and Discussion

All the substrates used for OTA production viz., polished rice,
maize, pearl millet, groundnut oil cake and de-oiled sunflower
cake showed good growth of fungi observed with spore
production. However, OTA was produced only in de-oiled
sunflower cake and pearl millet at the level of 8 pg / kg
(Figure 2) during the first seven days of incubation and no
levels of toxin was detected in other substrates used viz.,
polished rice, maize and groundnut oil cake.

Thus, based on the result, de-oiled sunflower cake was chosen
for further
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toxin production work for a period of 28 days (Figure 3). The
second growth experiment conducted with de-oiled sunflower
cake for 28 days revealed 8, 17, 25 and 58 pg / kg of OTA
during 7, 14, 21 and 28 days respectively with the highest
level on 28" day.

As OTA was first known to be isolated from Aspergillus
ochraceus, this species has a unique identity and since then it
was being used as a model system to study OTA production
(Van der Merwe et al.,, 1965a, 1965b; Lai et al., 1970;
Tsubouchi et al., 1995 and Varga et al., 2000) [26-27. 16, 25, 30],
There are numerous factors which may contribute to the
production of OTA, like high level of moisture in the crop
either at the field condition or during post-harvest storage,
extremes of temperature, high level of humidity in the
environment, stress arousing due to drought conditions and
infestation by the insects and other pests (Coulombe and
Coulombe, 1993) [ and a suitable substrate (Angel et al.,
2004) M which favor fungal growth and enhance toxin
production leading to contamination with mycotoxins. An
increased quantity of OTA has previously been reported on
grains such as corn or wheat (Van der Merwe et al., 1965a;
Ciegler, 1972 and Hesseltine et al., 1972) [%6. & 12 Although
rice was naturally contaminated with Aspergillus ochraceus, it
was not found as a suitable substrate for OTA production
(Begun and Samajpati, 2000 and Trung et al., 2001) [ 24,
Hence, the absence of OTA in the cereals like rice, maize and
in the de-oiled groundnut cake noticed in our survey may be
attributed to the above findings viz., the lack of suitable
substrate, insufficient time of incubation and lack of other
factors required under the natural field conditions like high
moisture, a high level of drought stress or combination of
more than one of these factors as well.

Thus, based on the result, with noticeable levels of OTA
detected during the first seven days of incubation in de-oiled
sunflower cake and pearl millet the substrate was selected.
Further, de-oiled sunflower cake was chosen for toxin
production for a period of 28 days by comparing the
advantages and the importance as the de-oiled sunflower cake
holds as an important source of raw material in feed
manufacturing over the other. Thus, de-oiled sunflower cake
would be an apt choice for further study as per the above
discussions and the second growth experiment was conducted
with de-oiled sunflower cake for 28 days. The temperature of
28 °C was optimum for the production of OTA (Trenk et al.,
1971) 31 and the OTA formation at 37 °C was considerably
lower than at 28 °C and attributed the finding to the rapid
degradation of the toxin at 37 °C or decreased toxin formation
at this temperature. Also, the amount of available nutrients in
any substrate, water activity and oxygen are the major factors
governing the growth of fungi and production of toxin.
However, the possible reason for the predomination of a
fungal species in one particular substrate is not known, and it
is often correlated with either the species characteristics or the
properties of the product. To predict the mycotoxin
production in any substrate, knowledge on the specific
mycobiota of the product and data from the laboratory
experiments are essential (Filtenborg et al., 2000) [ The toxin
profiles and the amount produced depends entirely on the
ecological and processing parameters of the material
(Filtenborg et al., 1996) 1101,

Many studies reported variation in the production of OTA
even among the strains of A. ochraceus (Hesseltine et al.,
1972; Tsubouchi et al., 1995; Varga et al., 1996 and Van der
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Merwe et al., 1965b) [ 25 2. 271 Similarly, there was a
considerable variation in the production of OTA among
different Aspergillus spp. isolates (Ciegler, 1972; Hesseltine
et al., 1972; Varga et al., 2002) & 31, Penicillium nordicum
was able to produce OTA, whereas Penicillium verrucosum
synthesized both OTA and citrinin. In bread analogue, high
amount of ochratoxin A was produced by P. verrucosum,
resulting in major variations in the toxin profiles produced by
these two strains (Kokonen et al., 2005) [

The major factors why a fungal species predominate in a
particular substrate with high level of toxin production and
the functions associated with it are still not clear (Betina
1989: Filtenborg et al., 2000) ™ *1 Among the different factors
associated, the substrate was found to contribute to a larger
extent in terms of production and as well as accumulation of
OTA and the bee pollen was found as a suitable and good
substrate for the characterization of different strains of OTA
producing A. ochraceus for the maximum period of 28 days.
Bee pollen was a rich source of the free amino acids and
speculated a positive correlation between amino acid
composition and OTA production and the impact of time
duration on toxin production (Angel et al., 2004) [,

In agreement with the finding of Angel et al. (2004) [ our
study also revealed that an optimum time period of incubation
and a suitable substrate plays a major role in the production of
OTA. Thus, the substrate de-oiled sunflower cake can be used
as a better medium than cereals (polished rice, maize and
pearl millet) to support OTA production. As mycotoxin
production is known to occur under favourable and stress
conditions, (Magan et al., 2002) 19 the specific reasons
which directed towards the OTA production in this study can
be speculated. Eventhough many fungal species have simple
nutrient utilization (Kokkonen et al., 2005) 41, the better
yield obtained in this study may be due to the presence of
balanced amino acid composition (Morrison et al., 1953) with
all the essential amino acids distributed in it naturally required
for the growth. Also the present findings of the study
demonstrate the distinctive effect of the substrate on the
secondary metabolism of the fungi examined. The toxin
production might have enhanced due to the increased primary
metabolism during the incubation period. The secondary
metabolism might have occurred later (Kokkonen et al., 2005)
(141, Hence, to understand better and carry out research related
to OTA production and for the characterization of OTA
producing A. ochraceus isolates, de-oiled sunflower cake can
be an apt and better choice of substrate for the production of
toxins in laboratory.

Fig 1: Screening the substrates for the production of OTA
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Fig 2: Production of OTA in de-oiled sunflower cake and pearl millet on 7 days of incubation
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a) 14 days of incubation
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X 1000
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b) 21 days of incubation

Ochratoxin A content in pg/kg
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c) 28 days of incubation

Fig 3: Estimation of OTA at different times of incubation in de-oiled sunflower cake
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4. Conclusion

It was concluded that de-oiled sunflower cake was the best
suitable substrate for OTA production among the cereals and
other cakes experimented. The level of toxin detected on 28
days of incubation was higher than short duration attempted
(7 days) suggesting the time (duration) needed to produce
substantial quantity of OTA under laboratory conditions was
found to be much longer than a week. However, the study to
enhance the growth of Aspergillus ochraceus and OTA
production in de-oiled sunflower cake has to be further
strengthened to find out whether further high levels of OTA
could be harvested by manipulation of temperature, humidity,
duration and even substrate quantity. Nevertheless, the
present finding that de-oiled sunflower cake was a better
substrate for OTA production by Aspergillus ochraceus has
given a hope for the enhanced production for experimental
purpose. It also becomes very clear that a substrate enhancing
the growth under experimental conditions are more vulnerable
for natural contamination in the field. Hence, the risk factor
associated with the usage of the de-oiled sunflower cake in
the animal feed need to be taken into account as the level of
the toxin is closely approaching the permissible level as
recommended by European Commission (ECR2006/575/EC
of 0.1 mg/kg) which may increase if the incubation is
prolonged and this may happen in the field so rapidly. So, it is
highly essential to sensitize the feed manufacturers
accordingly while formulating feeds so as to enable them to
adopt suitable control measures to avoid health risks for
livestock and poultry and for conducting toxicological studies
in poultry. Moreover, the toxin production is a strain specific
characteristic as far as A. ochraceus is concerned which can
be ascertained by enhancing the growth of the fungal culture
in the substrate.
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